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ANALYSIS OF BIOLOGICAL MOLECULES 
Introduction 

Deoxyribonucleic acid (DMA) consists of two linear strands 
5 composed of individual nucleosides which are linked to one 

another by pbosphodiester bonds. In its natural state, DMA 
exists in the form of complementary chains of nucleosides 
interconnected as a double helix. The double helix is held 
together by the hydrogen bonds formed between the individual 

10 complementary nucleosides situated opposite each other. 

Nucleotides (composed of a nitrogenous purine or pyrimidine 
base, a deoxyribose sugar and a phosphate group) are the basic 
building blocks of the molecule and their sequence defines the 
gene and ultimately the protein encoded by the gene. There 

15 are four nucleotides - deoxyadenosine (A) which pairs with 

thymidine (T) and deoxyguanosine (6) which pairs with 
deoxycytidine (C) . 

The ability to sequence DMA and ribonucleic acid (RNA) has 
given scientists a valuable tool with which to dissect the 

20 genomes of many viruses, bacteria, plants and animals. 

Indeed, the development of improved and more efficient 
procedures for the sequence analysis of DMA and RNA has been 
a crucial element in many of the greatest advances in 
recombinant DMA technology and genetic engineering. 

25 DMA sequencing technology has now reached the level of 

sophistication whereby the scientific establishment has been 
able to undertake perhaps its most ambitious project to date - 
the DNA sequence analysis of the entire 3,000,000,000 bases 
of the human genome. Although, in recent years, DNA 

30 sequencing technology has seen many advances, both in the 

protocols used for sequencing reactions themselves and in the 
means used to visualize the products of these reactions, it is 
clear that improvements must be made if the task of sequencing 
the human genome is to be completed within a reasonable length 

35 of time and at an affordable cost. The current invention 

relates generally to an apparatus and methods for the analysis 
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of lebeled biological moleculee. Tha flexibility and 
vereatility of the current invention allow it to ba uaad in 
conjunction with a number of diffarant methode of 
electrophoretic eeparation, **SU alab, channal and capillary 
means. A. alactrophoratic Bathoda and procaduraa become mere 
•fficiant and aanaitiva, auch versatility and f laxibility will 
ba of groat importance in axtanding tha currant invention', 
utility and viability aa a raaaarch and diagnoatic tool. 
Capillary alactrophoraaia technlquea, for example, can ba aa 
much aa 10,000 timea mora aanaitiva than traditional mean, of 
alactrophoratic detection and ba so aanaitiva aa to be able to 
detect quantitiea of biological material approaching aingle 
molecule quantities. 

Aa detailed below, the invention haa particular application 
to the sequence analyaia of DHA and, in thia regard, en 
apparatue for tha improved detection and interpretation of the 
sequence data so derived ia deacribed. 

BACXOKOUXD 07 III lUVEMtUM 

Tha determinetion of the aequenoe of DNA he. been undertaken 
utilizing two baaic approach..: the chemical degradation 
method of Naxam ft&iAlj. (procttqlngi Of tts n a t i onal Academy or 
fialaafiim, Volume 74, pga. 560-564 (1977)); and the dideoxy 
chain termination method of Sanger at.al, ( Proceed i ngs of t h e 
M . r1 ^,i a^ — v sctencea. Volume 74, pge. 5463-5467 

(1977)). The two method* are atill widely uaad, one having 
advantagea over the other depending on apacific circumstances, 
in both the chemical degradation and chain termination methoda 
of aeguencing DHA it ia naceaaary to generate labeled DMA 
fragments, each having a common origin and each terminating 
with a known base. The labeled-DMA fragments which are a 
product of either procedure are aeparatad according to aiza by 
high resolution gel electrophoresis and a ao-oalled "aequence 
ladder" ia thua generated upon viaualisation of the gel by 
expeeure to photographic film or other image storege means, 
eel electrophoreeie usually involvee loading the labeled-DMA 
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f ragatnti onto on* end of a polymery laiida gel forwd between 
two glaea plates in auch a tray that, at one and, it contain* 
alota or valla for the placement of eamplee. 

During the loading procedure , both anda of tba 
5 polyacrylamid* gal ara immersed in an electrolyte solution 

oontainad in alactroda tanke. Whan eampla loading ia 
com? la tad f a voltaga from a povar aupply is appliad across the 
alactroda tanks and thus across the polyacrylamide gal. The 
appliad voltaga electrophoreses the labeled-DMA samples 

10 through the polyacrylamide gel and so the fragments migrate 

according to size. 

The expense of generating sequence Information in terms of 
both human labor and reagent costs, even when advanced 
sequencing protocols are combined with the most efficient 

15 methods of fragment aeparation such as those previously 

discussed, as veil as the immense value of such information 
for research and diagnostic purposes, has led to a number of 
attempts to make the procedure more efficient. To this end, 
automation of the methods used for DMA sequencing has proven 

20 to be an attractive and often successful proposition. 

Improvements in the dideoxy chain termination procedure (t,q T 
Sanger e^aj^., Journal of Molecular Biology. Volume 143, pgs. 
161-178 (1980); Schraier fifc^aj^, Journal pi MfilmgalsX Blglggy, 
Volume 129, pgs. 169-172 (1979); Smith a^aiuu, NUClOic Acids 

25 Research . Volume 13, pgs. 2399-2412 (1985); Smith e^ol^, 

Mature , Volume 321, pgs. 674-679 (1987); Prober e£*mlj., 
SgjinCfl , Volume 238, pga. 336-341 (1987); Church fit^alj., 
science Volume 240, pgs. 185-188 (1988); and Connell *£xAl«_/ 
Biotechniquea, Volume 5, pga. 342-348 (1987)) have made it the 

30 method of choice for automated DMA sequencing machines and 

other rapid sequencing applications. 

Manual DNA sequencing procedures and some of the early 
attempts at automation utilized radiolabeling of fragments 
i.e. incorporating nucleotides containing a radioactive label 

35 such as "P or *H into the DMA fragment. For example, U.S. 

Patent No. 4,707,235 issued to Englert and Wheeler on November 
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fragment* onto on* end of a polyacrylamide gel formed between 
two glass plates in such a way that, at ona and, it contains 
•lota or valla for the placement of samples. 

During tha loading procsdura, both anda of tha 
5 polyacrylamide gal ara immeraed in an alactrolyta solution 

contained in a lac trod a tanks. Whan sample loading is 
completed, a voltage from a power supply is applied across the 
electrode tanks and thus across the polyacrylamide gel. The 
applied voltage electrophoreaes the label ad- DHA samples 

10 through the polyacrylamide gel and so the fragments migrate 

according to size. 

The expense of generating sequence information in terms of 
both human labor and reagent costs, even when advanced 
sequencing protocols are combined with the moat efficient 

15 methods of fragment aeparation such as those previously 

discussed, as veil as the immense value of such information 
for reaearch and diagnostic purposes, has led to a number of 
attempts to make the procedure more efficient. To this end, 
automation of the methods used for DMA sequencing has proven 

20 to be an attractive and often successful proposition. 

Improvements in the dideoxy chain termination procedure (e.g. 
Sanger fil^aj^., Journal of Molecular Biology. Volume 143, pgs. 
161-178 (1980) ; Schreier fifc^aj^, Journal flt MttlmgUlflX BiolOTY, 
Volume 129, pgs. 169-172 (1979); Smith ajUftlx, HBfilmifi Affida 

25 Research . Volume 13, pgs. 2399-2412 (1985); Smith Ct.ttli , 

Nature , Volume 321, pgs. 674-679 (1987); Prober e^aj^., 
Science . Volume 238, pgs. 336-341 (1987); Church A^aJ^, 
science . Volume 240, pgs. 185-188 (1988) ; and Connell tt.flli , 
Biotachniques, Volume 5, pgs. 342-348 (1987)) have made it the 

30 method of choice for automated DKA sequencing machines and 

other rapid sequencing applications. 

Manual DNA sequencing procedures and some of the early 
attempts at automation utilized radlolabeling of fragments 
i.e. Incorporating nucleotides containing a radioactive label 

35 such aa "p or *H into the DKA fragment. For example, U.S. 

Patent No. 4,707,235 issued to Englert and Wheeler on November 
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17, 1987 deeeribas a aethod and apparatua for deteraining tha 
nucleotide eequence of labalad DMA fragasnts. In tha 
prafarrad eabodlaent of tha '235 patant, aaaples containing 
radioactively-lebaled DMA fragaanta ara alaetrophoraaad 
through a gal natrix. As tha labalad fragaanta migrata to tha 
bottoB of tha gal, thay paaa tha window of a detector, 
loniaing radiation from tha radiolabalad fragaanta of 
euf fioisnt anargy paasss through tha window, producing fraa 
alactrona in tha gaaaoua environaent of tha dataotor. Tha 
fraa alactrona ara aocalaratad toward* an anoda wira which, in 
raaponaa, producaa alactronic aignala. Tha alactronic aignala 
so ganaratad ara ultiaetely atorad and interpreted by aeans of 
a computer. 

Howavar, aa tha availability and aff iciancy of fluorescent- 
labaling tachniguaa iaprovad, dataction of DMA eaguance 
inforaation by fluoraacanca becaae tha aathod of choica, 
aapacially in fully auto»at*d syateas. Bxcitation of 
fluorophora-labalad DKA fragaanta during alactrophoraaia 
through a gal natrix coabinad with fluoraacanca dataction 
ayataaa and coaputar-baaad -athoda of data intarpratation and 
atoraga hava allowad tha ganaration of aaquanca information in 
an incraaaingly aora labor afficiant and coat affactiva 
manner. 

A variety of etrategiee can be utiliaed in order to derive 
DHA sequence data uaing DMA fragaanta labeled with fluorescent 
dyes m*a*. uaing only one fluorescent dye, and ssguence 
inforwition obtained froa a parallel analyais of four lanea on 
a gel (Anaorge t.ai. . . Tai"™ 1 nf Blnrhsa. Bltmhv. HOttlrtO , 
voluae 13, pga. 315-323 (1986) j Anaorge sl^ej^, 
maajamit , Voluae 13. pg*. 616-619 (1992)); using four 
dysa, each aaaociated with a specific bsss, and the ssguence 
inforaation obtained froa analyala of one lane on the gel 
(Salth ejual- HUaia voluae 321. pga. 674-679 (1986) ; with the 
use of different dyea, T7 DMA polyaersss. aanganaaa, and 
Inorganic pyropnospbotasss in ooabination with an analyais of 
peak heighta (aee U.S. Patant No. 5,124,247 issusd to Mllhsla 
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Ansorg* on June 23, 1992; Tabor and Richardson, Journal of 
Biological Chmmiam . Volume 265, pge. 8322-8329 (1990)); or 
with tha uaa of different dyaa in combination with a two- 
laser-two-window automated approach for maximum signal and dya 
5 discrimination (Carson a^al^r Analytical Ch«aiatrv. Voluaa 

85, pgs. 3219-3226 (1993)). 

In tha Majority of ayatama utilising fluorascant labaling 
tachniquaa, tha fluorascant dyaa ara attached aithar to a 
primer, a, a. Smith et.*l- (1987, citad abova) ; tha baaa of a 
10 tarminal dideoxynucleotide, a. a. Probar st^aj^ (1987, citad 

abova) ; or to intarnal nuclaotidas of tha DNA fragment (aaa 
PCT Application WO 93/03180, Wilhelm Anaorga and Hartmut 
voss) . 

Tha latter method of labeling utilizes labeled 

15 deoxynucleoside triphosphate* e.g. deoxyadenoaina triphosphate 

(dATP) , and is particularly advantageoua in that it allows the 
use of unlabeled primer. When combined with optimal primer 
design, fragment labaling with fluorascant dATP enables 
sequence information to be read beyond 1000 bases from a 

20 single lane or group of four lanes after electrophoresis of 

the labeled DNA fragments through a gel matrix. The Increased 
amount of sequence data that can be obtained from a single gel 
is due, in part, to the increased efficiency of DNA fragment 
labeling disclosed in the Ansorge and Voss protocol. 

25 No matter the labeling procedure, the labeled fragmenta, as 

discussed above, are loaded onto a gel for electrophoretic 
separation and the DNA sequence is determined from the pattern 
of fluorescent signals emitted by the fragmants as they pass 
a detector during the separation process. 

30 Critical components of automatad DNA sequencing machines are 

the optical systems used to collect and focus fluorescent 
light onto the fluorescence detection system and the 
fluorescence detection systems themselves. Numerous 
approaches have been taken in the design of these components. 

35 With regard to the fluoreacence detection systems, two types 

have shown considerable utility in automated DNA sequencing 
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Aniorgt on June 23, 1992; Tabor and Richardson, ggugnai at 
Biological Ch«il«trv . Volume 265, pgs. 8322-8329 (1990)); or 
with tha uaa of diffarant dyaa in combination with a two* 
laasr-two-window autoaatad approach for maximum signal and dya 
5 disorimination (Caraon at^aX^, Analytical chemistry. Voluma 

85, pga. 3219-3226 (1993)). 

In tha majority of ayatama utilizing fluoraacant labaling 
techniques, tha fluoraacant dyaa ara attachad aithar to a 
primer, •■o. Smith at. ml. (1987, citad abova) ; tha baaa of a 
10 tarminal dideoxynudeotide, a. a. Probar a^aju (1987, citad 

abova) ; or to intarnal nuclaotidaa of tha DKA fragment (aaa 
PCT implication WO 93/03180, Wilhelm Anaorga and Hartmut 
Voaa) . 

Tha lattar method of labaling utilizaa labeled 

15 deoxynucleoside triphosphates e.g. deoxyadenoeine triphosphate 

(dATP) , and is particularly advantageoua in that it allows tha 
uaa of unlabeled primer. When combined with optimal primer 
design, fragment labaling with fluorescent dATP enables 
sequence information to be read beyond 1000 bases from a 

20 single lane or group of four lanes after electrophoreais of 

tha labeled DMA fragments through a gal matrix. Tha increased 
amount of sequence data that can be obtained from a single gel 
is due, in part, to tha increaaed efficiency of DNA fragment 
labeling disclosed in tha Anaorga and Voaa protocol. 

25 No matter the labeling procedure, the labeled fragments, as 

discussed above, ara loaded onto a gel for electrophoretic 
separation and the DNA sequence is determined from the pattern 
of fluorescent signale emitted by the fragments as they pass 
a detector during the separation process, 

30 Critical components of automated DNA sequencing Machines ara 

the optical systems used to collect and focus fluoraacant 
light onto tha fluorescence detection system and tha 
fluorescence detection systems themselves. Numerous 
approaches have been taken in the design of these components. 

35 With regard to the fluorescence detection ay sterna, tvo types 

have shown considerable utility in automated DNA sequencing 
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machine. - the. which uae CCD. end the., which uae 
diode/amplifier a. the priMty means of 

f luoreecence detection. 

LinMr ccd. m th* CCD-based fluorescence detector, are 
divided Into a vast nabw of photosensitive cells, often as 
■any as 5,000. Two-dimensional CCD*, which can also ba 
utilised in the CCD-baaed fluoraacanca detectors, contain even 
■ore such photoeeneitive cells. Information fro. the celle 
can be enalyaed on an individual or collective basis. This 
ability imparts a high date collection sensitivity end 
efficiency to the detection system. The sensitivity of the 
CCD-based detector systems is increased when they ere combined 
with optical systeme which cen efficiently capture the 
fluorescent light emitted by excited fluorophore-lebeled DMA 
fragments as thsy migrate through the matrix of a gel. 

Although diode/amplif ier-baeed detection system, have been 
incorporated into the deaign of a number of eutomated DMA 
sequencing systems, thsir utility has been limited by physicel 
constreinte. In euch DMA sequencing machines, each lane on 
the gel must correspond to a discrste diode which is 
ssparately combined with e eignel amplifier. In the diecrete 
diode/amplifier detection systems, any increese in the number 
of lenes on the gel must be accompanied by a concomitant 
increase in the number of diodes. Rscsnt innovation such as 
those which have allowed the integration of multiple 
amplifiers and diodes into a aingle unit have enabled 
diode/amplif ier-errey-based fluorescence detection systems to 
overcome some of the dieedventege. associated with their use. 
As with the CCD-based detection systems, the eensitivity of 
the integrated diode/ amplifier-array-beeed fluorescent 
detection eyetems cen also be increeeed when they ere combined 
with optical systems which can efficiently capture f luoreecent 
light emitted by excited fluorophore-lebeled DMA fregmente aa 
they migrate through the matrix of the gel. 
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AUTOMATED DMA SEQUENCING MACHINES 

At present, the commercially available automated DMA 
sequencing machines can ba divided into two types - those 
which use a scanning laser Means to excite fluorescence and 
those which use fixed laser means to achieve this goal* 
Scanning Fluorescence Detection 

DMA sequencing machines which rely on a scanning laser 
excitation means are exemplified by the apparatus described in 
U.S. Patent Mo. 4,811,218 issued to Hunkapillar ej^sl*. on 
March 7, 1989. 

The '218 patent describes an automated DMA sequencing 
apparatus which uses a laser as the source of the 
fluorescence-inducing electromagnetic radiation. An optical 
excitation system which moves horizontally on a motorized 
translational stage consists essentially of a focusing 
telescope which dacreasss the size of the incoming laser beam 
and then focuses it onto each of the gel lanes, independent of 
one another. A collector lens system collects a portion of 
the fluorescence from the labeled DMA fragments on the gel and 
directs it toward a filter wheel made up of four filters. 
Located at the focus of the collector lens is a Fabry lens 
group, configured so as to image the collected light onto the 
active area of a photomultiplier tube. The photomultlplier 
tube generates a signal which can be Interpreted by 
appropriate means and converted to readable DMA sequence 
information. 

Light from the laser is launched into the gel lanes at the 
Brewster angle. This detection means calls for utilization of 
a laser of high power. The use of the high power lassr for 
the purposes of illumination is expensive and results in a 
higher cost for the apparatus. 

Another significant disadvantage of the apparatus described 
in the '218 patent involves the integration time for the 
information contained in the lanes of the gel which are 
scanned. A band on a gel containing a labeled fragment is 
examined for a shortsr time in a lassr scanning excitation 
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sy.tea than in a static laaar excitetion ayatam. Thia ahortar 
•canning tiae resulta in a ahortar datactor integration tiae 
baeauaa tha laaar auet not only aoan aach lana but alao aoan 
at different eaieaion vavelengthe to collact aufficient data 
pointa in ordar to aaka a baaa deteraination. In addition, 
tha uaa of aechanical aeane for ■canning cauaaa a reduction in 
tha ayataa'a ovarall reliability. 

DMA aequencing aachinea utilixing tha laaar a canning aeane 
of excitation are aarlceted by Applied Bioayateaa Inc. of 
poater City, California and Li-cor, Inc. of Lincoln, Hebraeka. 
The Li-oor apparatua uaea an infra-red dye, an avalanche diode 
and e aaaa produced aaaiconductor laaar inataad of the 
expenelve Argon laaar. Although theae iaproveaente have 
reduced the coat of the apparatua, they have not reaulted in 
the Melioration of all of tha diaadvantagea inherent in the 
laaar scanning detection aachinee. 

Fixed Fluorescence Detection 

The fixed detection ayatea used in DHA aequencing aachinee 
ie exeaplif ied by the autoaatad apparatua deacribed by Anaorge 
t.ei. (19B«), cited above; and Anaorge ftt.tt l . , T*G Petent 
Application Nr. P36.18.605.B (1986). Thia apparatua conaists 
of a laaer, light froa which paaaea through the entire width 
of a gel, inducing fluoreacence froa f luorophore-labeled DHA 
fragaenta migrating within the gel aatrix, and a ayatea for 
detecting and aonitoring tha aaiaaion of fluoreacence froa all 
four lanea. 

U.S. Patent Ho. 4,675,095 leaned to Xaabara atx*!* on 23 
june, 1987 deacribae an autoaatad DHA aequencing apparatua 
conaiating of a leaer aa a aource of fluoreecenee-inducing 
electroaagnetlc radiation, a fluoreacence detection ayatea and 
a coaputeriaed data atorage and interpretation ayatea. In the 
apparatua of the '095 patent, the light froa the laaer ia 
launched horiaontally into the gel froa the aide, J^. in a 
direction which ia perpendicular to the aigration of the DHA 
banda. 
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The apparatus deacribed in U.S. Patant No. 5,294,323 iaauad 
to Toguaari at.al. on 15 March, 1994 also usti a laser, light 
f roa which ia launchad horiiontally into tha gal from tha aida 
aa daacribad in tha '095 patant, aa a maana of fluorescence- 
5 Inducing alactroaagnatic radiation. Fluoreacence f roa tha DNA 

bands ia raf lactad by means of airrors into a multi-component 
f luoraacanca datactor. Tha fluoraacanca datactor consiata of 
an imaging lans; a bandpass filtar attach ad to tha diatal and 
of tha imaging lans; a aolid stata imaging davica auch aa a 
10 photodioda, CCD aanaor or MOS linaar imaga sanaor in alignmant 

with the optical axis of tha imaging lans; and a Paltiar 
davica which providaa cooling to tha aolid stata imaging 
davica. 

.n ona ambodimant of tha f 323 patant, tha fluoraacanca 

15 datacted from aach lana on tha gal ia condanaad onto an imaga 

intanaifiar. Tha amplified imaga ia converted to an 
electrical signal by a photodioda array. The electrical 
aignal produced in this manner is proceased with tha aid of a 
computer into readable DNA aaquence data. 

20 The manner daacribad by the '095 and "323 patents for 

launching light from the laaar into the gel allows DNA 
aaquence information to be generated using a low power laser. 
This therefore offers a significant cost saving in the 
manufacture of the machine. In addition, tha use of a atatic 

25 laser excitation system, as alluded to above, results in a 

higher accuracy at faster separation speeds. 

However, the apparatua of the *323 patent is deficient in 
that there ia low light collection efficiency from the 
fluoraacanca of the DMA bands, in the embodiment of the '323 

30 patent which utilixea the CCD detector, for example, this 

arises becauss there ia a large disparity between the size of 
the gel being imaged and the size of the CCD used in the 
detector. The lana required to damagnify tha image of the gel 
onto the CCD leada to a low efficiency of fluoreecent light 

35 collection (the detector/ lens combination "eees" a small aolid 

angle) • As a consequence of this detector design, signal 
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10 



laval i» conpromiaad. Dua to tha compromisad signal laval tha 
dynamic rang* and aansitivity of tha datactor ia limit ad. In 
ordar to ovarcoma tha limitationa of tha da tact or, mora 
•xpsnaivs aciantific grada CCDa (whan comparad to widaly uaad 
commarcially availabla CCDs) muat ba utilisad or mora 
atringant approaohaa to noisa raduction muat ba takan, a^. 
dataotor cooling or lowar noiaa CCDs. 

Tha apparatua dascribad in U.S. Patant Mo. 5,307,148 iaauad 
to Kambara at.al. on April 26, 1994 uaae lasar illumination 
from tha sida of tha gal in tha sama way aa tha apparatua of 
tha f 095 and «323 patanta. Unlika tha '323 patant hovaver, 
tha •148 patant daaoribaa tha uaa of multipla lasara which ara 
plaoad parallal to ona anothar and launohad from tha aida with 
thair baama spaoad apart by at laast ona oantimatar. In tha 
15 prafarrad ambodimant, tha apparatus utiliaaa two lasars. Tha 

two laaar baama ara first apactrally diaparaad, filtarad and 
than rafoousad to form aight apactrally distinct lina imagaa 
(four from aach laaar lina) on a two dimanaional CCD dataotor. 
Thia arrangamant allows uaa of multipla dya labala in ona lana 
20 of tha alactrophorasis gal and allows for tha raspactiva 

aignala to ba racovarad from tha diffarant amiaaion and 
axcltation apaetra. 

Hovavar, tha apparatus of tha '148 patant ia daficiant in 
a numbar of raapacts. Tha arrangamant of lansaa and dataotor, 
25 for axampla, ia not an improvamant ovar tha apparatus of tha 

•323 patant in tarma of dataotor aansitivity. Tha aanaitivity 
of tha datactor ia not iaprovad baoauaa tha light collaction 
angla ia limitad by tha collaction optics in that tha optica 
utiliza an imaga raduction two dimanaional CCD datactor. 
30 Furtharmora, tha apparatua of tha '148 patant ia daficiant in 

that tha information darivad from tha two lasar linas ia 
displacad in tima bacauaa of tha apatial aaparation of tha 
baama; tha launch conditions for tha two laaar a in 
unnacaasarily complicatad; and tha collaction optica ara 
33 ovarly complax in addition to baing inafficiant. 
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It ia an object of the present Invention to provide, in a 
simple, cost effective Banner, an apparatus for the analysis 
of biological molecules which is capable of high horizontal 
5 and vertical resolution. Although the discussion is presented 

in tens of electrophoresis performed in the vertical plane, 
it should be remembered that the following applies equally to 
electrophoresis performed in the horizontal plane. 
Furthermore, for reasons of clarity, and because of the 

10 importance of the application, the discussion is presented in 

terms of DNA sequence determination. This presentation should 
in no way be interpreted to limit the scope of the present 
invention. The present invention has equally valuable 
potential application to the analysis of other types of 

15 biological molecule, e.g. determination of UNA sequence data, 

as well as to techniques involving or related to sequence 
data, e.g. mapping and fingerprinting techniques. In 
addition, the present invention can be used with a variety of 
other photon emitting detection techniques in addition to 

20 fluorescent labeling. 

The apparatus of the present invention achieves its 
objective in a simple yet elegant and cost-effective manner by 
the use of affordable, commonly available, mass manufactured 
optical components to focus the fluorescent light emitted by 

25 excited fluorophore- labeled DNA fragments onto a fluorescence 

detection system. Although the apparatus of the present 
invention is described in combination with CCD and 
diode/amplifier-based fluorescence detection systems, it is 
envisaged that it can be effectively used in combination with 

30 any design of fluorescence detection system. 

As mentioned previously in the discussion of CCD and 
diode/ amplifier-based fluorescence detection systems, 
increased horizontal resolution can be attained in DNA 
sequencing machines by combining the fluorescence detection 

35 system with higher efficiency optical systems which will focus 

sore light onto the detector. Use of an array of gradient 
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indax (GRIN) lan»es such as tha SBLFOC lana array (SLA) 
available from HSG Amarica, Inc., in tha optical ayatam of tha 
automata* DMA saquancing machines allowa an imaga to ba 
focuead onto tha fluoraacanca datactor with a naar unity 
magnification ratio. Tha moat important advantaga of 
utilizing auoh lana array* for tha dataction of fluoraacanca 
in low light intanaity conditions liaa in thair high numarical 
apartura which anahlaa tham to tranamit a graatar parcantaga 
of fluoraacant light to tha datactor than tha mora traditional 
lanaaa uaad in thia application. 

Othar advantagaa of auch lana arrays lia not only in tha 
fact that thay ara widaly uaad and ao affordabla, but alao in 
that thair flexibility allowa tham to ba utilized aqually wall 
with a variaty of dataction syatama including tha CCD or 
dioda/amplifiar-baaad dataction ayatama. 

Aa with all atandard optics, tha oharactariatic brightnaaa 
of tha SLA ia givan by tha numarical apartura (MA) . Tha SLA 
can oparata in two modaa - a fiald or lina scanning moda. Tha 
NA of tha lina acanning moda ia alwaya highar than that of tha 
fiald acanning moda. whan uaad with tha CCD-baaed datactor 
ayetem, tha SLA oparataa in a lina acanning moda. Dua to tha 
small pixal eize of tha CCD, m^u 50 urn, tha datactor "eeee" 
only a lina. In contraat, whan tha SLA ia uaad in conjunction 
with tha dioda/amplifiar array, it uaaa tha fiald acanning 
moda. Thia, again, ia a function of pixal aize bacauaa tha 
dioda has a much largar pixal eize than tha CCD, e^u 3 mm, 
tha datactor thua "aaaa« a graatar araa. 

GRIN lanaaa such aa tha SLA ara typically compoaad of ona 
or mora rowa of SILTOC graded-index micro lanaaa, aach with 
•quel dimanaiona and idantical optical propartias. Tha 
individual lansas which make up tha SLA ara alignad batwaan 
two fibarglasa-rainf oread plaatic plataa. Tha intaraticaa ara 
fillad with black ailicona. Tha uaa of black silicons not 
only protscts tha individual lanaaa, but alao pravanta flara 
or croaatalk batwaan tha lansas. A continuous 1:1 image is 
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formed by overlapping the images from, the adjacent lens 
elements in the SIA. 

The SIA has been ueed ae an optical scanning device in 
copiers, FAX machines and printers. As diecussed previously, 
5 it offers significant optical advantages in its high aperture, 

simplified system for 1:1 imaging and high image quality with 
no peripheral distortion, as veil as in the production of 
erect, real images. When its better optical properties are 
combined with manufacturing advantages such as linear 

10 construction, sasy placement (suited to automatic component 

assembly) , and small size and light weight - lens arrays of 
the 5LA-type are well suited to their application in DKA 
sequencing machines. 

Also anticipated in the scope of the present invention are 

15 improvements in the current generation of lens arrays. Newly 

developed technologies such as those based on lithography, 
diffusion of metal ions, hsat treatment, high precision 
molding, binary optics and holographies will also have an 
impact on lens array development. Although lens arrays 

20 manufactured using some of the newer technologies suffer from 

more cross talk than the GRIN lens arrays, it is expected that 
ultimately such technologies will lead to practical devices 
which fall within the scope of this invention. 

25 s la-ccd rarouacnci dimctioh anna? 

A variety of approaches may be used to achieve increased 
horiiontal resolution in systems which utilise CCD detectors. 
For example, a line* or area-scan camera can be Incorporated 
into the design of the DMA sequencing machine. However, such 

30 cameras like some of the automated DMA sequencing machines 

described thus far, utilise an image reduction CCD, i*e- a 
camera lens images the abject onto a CCD that is considerably 
smaller than the object. The increased horizontal resolution 
obtained from this design is offset by the low light 

35 collection efficiency of the lens - light is lost in the 

"demagnification" step which is required for fluorescence 
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dataction by tha CCD. Contact imaging CCD*, howavar, ara tha 
mm *is* as tha object and, whan uaad with high numerical 
apartura lana arraya, auch aa tha SIA, do not ahara tha imaga 
raduction CCD 'a limitation of low light collaction afficiancy. 

Tha combination of tha CCD datactor and SIA in a DNA 
Mquanoing Mchina offara a numbar of aignif icant advantagaa 
ovar DMA aaquancing ayataaa of tha prior art with ragard to 
tha ovarall aff iciancy of data collaction and intarpratation. 
Tha SIA allowa for up to 10 tiws mora f luoraacant light to ba 
capturad by tha dataction ayataa. Ilia fact that tha lana 
array providaa 1:1 imaging with high numarical apartura 
snablaa tha CCD to oparata with aignif icantly incraaaad 
aanaitivity. 

Ona advantaga of tha SIA-CCD datactor combination, and ona 

15 unaxpactad from a raviaw of tha prior art, ia tha ability of 

tha CCD to function afficiantly without tha incluaion of 
cooling maana in tha apparatua. Although tha SIA allowa for 
aignif icantly incraaaad amount* of light to ba f ocuaad on tha 
CCD, tha aignal to noiaa ratio of tha CCD ramain* within 

20 accaptabla limita without tha naad to provida cooling. 

Proviaion of cooling maana lMda to a furthar improvamant in 
tha aignal to noiaa ratio. Tha fact that accaptabla raaulta 
can ba obtainad without tha raquiramant for cooling afforda 
raduction* in tha coat and complicity of manufacturing tha DNA 

25 Mquancing aachina. 

A* a raault of tha incraaaad aanaitivity impartad to tha 
ayatam by usa of tha combination of lana array and CCD-baaad 
datactor, mora raliabla quant itativa information can ba 
obtainad from tha alactrophoraaia of DMA aamplaa through tha 

30 matrix of a gal. For axampla, companaation can ba mada for 

artifacta producad by auboptimal alactrophoraaia condition* 
auch aa globular bands, aloping banda, intralana amiling and 
unavan diatribution of aampla acroaa lanaa. In thia way, 
raliabla DNA aaquanca information can ba obtainad from 

35 alactrophoraaia conditiona which would otharwiaa hava yialdad 

ambiguous data. 
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However, the utility of data ganaratad by a DNA sequencing 
apparatus which utilizes tha SIA-CCD datactor combination ia 
not limited to tha incraaaad accuracy of tha DNA aaquanca 
information obtained. For example, the better quantitation of 
5 DNA in individual bands which is obtained from the combination 

can be used to provide data on tha efficiency of tha enzyme 
utilised in the sequencing reaction as wall as data regarding 
tha local structure of the DNA strand being sequenced. Such 
information can be employed by modern data analysis algorithms 

10 to further enhance the efficiency of methods used to decipher 

stretches of ambiguity in tha base sequence as raad from the 
electrophoresis of labeled DNA fragments through a gel matrix, 
other areas where the data ganaratad by the system of the 
present invention are invaluable are those involving allele 

15 analysis and fragment mapping, detection of hater ozygotes and 

analysis of viral mutations and populations. 

The system therefore has numerous applications in a variety 
of areas including, but not limited to, paternity testing 
procedures, forensic medicine, clinical evaluation of disease 

20 and cancer-inducing mutations in genes, evaluation of anti- 

viral drug resistance-inducing mutations during treatment 
regimens, protein/DNA interaction analysis, and bacterial 
fingerprinting, in addition to de novo DNA sequencing. 

The DNA sequencing machines using SLA-CCD fluorescence 

25 detector systems will not only be able to adapt to 

improvements in gel electrophoresis, but, as previously 
alluded to, will actually be made more efficient by their 
implementation. Improvements in present electrophoresis 
techniques such as those concerning gel composition, loading 

30 and electrophoresis conditions will, for example, lead to 

decreaaed band width. Same presently available DNA sequencing 
machines are limited in their vertical resolution and would 
therefore be unable to take advantage of such improvements. 
In the system of the present invention, however, it is the 

35 means of detection, and not the laser beam, which defines the 

detector spatial bandwidth of the system. For this reason, 
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the iyitu'1 reaolution has the potential to ba increased by 
improvement, in electrophoreeie technology with tha ultimata 
raault that it will hava tha ability to raad aaquanca data 
raliably bayond 1000 baaaa in an acoaptabla time. Thia 
capability results fro* not only an incraaaad datactor 
resolution, but also raducad raaidanca time in tha gal. 
AMuming that tha loading band ia optimally narrow thia 
combination laada to raducad diffusion and thua raducad band 
width. 

In tha prasant sulti-photodioda instruments, tha laaar beam 
can wandar in tha vartical plana within wida limits without 
aff acting seneitivity. Thia advantaga occur a aa a raault of 
tha ralativaly larga apartura of tha amiaaion path. However, 
in tha caaa of tha lxl imaging CCD, tha CCD bacomaa tha 
limiting apartura in tha ayatam (typically thia ia a function 
of tha CCD pixal siia which is of tha ordar of 50 urn in tha 
vartical dimension) . Thus tha laaar must ba praciaaly alignad 
to tha datactor by, for axampla, tha uaa of an actuatad mirror 
at tha antranca to tha gal. An alignmant arror aignal can ba 
darivad aithar from pixele at aach and of tha CCD or through 
diodaa dadicatad for thia purpoaa. Tha tandancy of tha laaar 
to wandar ia a major factor in datarmining whathar alignmant 
suat ba an ongoing procass during alactrophoratic esparation 
of tha labalad DNA fragments. Laaar wandar ing can ba a 
function of gal compoaition and/or tha laaar/dya combination. 
Whan using laaara at tha rad and of tha spectrum, for axampla, 
an initial adjuatmant at tha baginning of tha alactrophoraaia 
aaparation ia all that ia required. 

Tha dioda lasars availabla in tha rad and HIR ragion of tha 
apaotrum ara capabla of high fraquancy 100% modulation which 
allows for simpla multiwavalangth axcitation. Two or mora 
laaar beams of diffarant wavalangth can ba launchad coaxial ly 
through tha gal from ona or both sidaa. Ona hundred percent 
modulation of the laaara allows aach laser beam to ehare the 
same apatial path while being eeparated in time. Thia allows 
for considerable simplification of datactor design. Since tha 
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lastr btaii are not ■•para tad in apace liXe ths detector of 
tha '148 pat ant, signals ara aupariapoaabla in time and 
emitted fluoraaoant light la collactad afflciantly and 
rafoousad approximataly 1:1 through filter a onto aithar tha 
5 aingla or multiple lina CCDs mantionad above. 

Savaral recent tachnological developments in tha araa of 
laaar diodes, rad and naar infra-red (KIR) fluorescing dyes, 
■ulticolor scannara and optical filtar daaign allow for 
furthar incraaaa in tha performance of tha dataction system of 

10 tha currant invention. 

Contact imaging CCDs for color acanning ara available 
currently in two configurations: three line CCDs, each line 
with its own bandpass filtar to screen out unwanted 
wavelengths of light; and single line CCDs, with alternating 

15 stripes of bandpass filters. CCDs of either type, with only 

minor modifications, e»c. matching the bandpass filters to the 
dyes chosen, allow multiple dye detection. Alternatively, 
multi-notch filters in combination with single line CCDs also 
allow use of more than one excitation wavelength. 

20 Another advantage of a DNA sequencing apparatus which 

incorporates the s LA-CCD detection system arises from the fact 
that the vertical and horizontal resolution is not limiting. 
As a result, there ara mere lanes on the gel available for 
loading of sample and so more information can be obtained from 

25 a single gel. 

DZODB/AMVLXFin ttUOvftSCBVCI DRKTZOV 1YSTXXJ 

As discussed earlier, the ability to integrate signal 
amplifier and diode into a single modular structure or 

30 alternatively, manufacture a diode array assembly associated 

with multiple external amplifier devices, has allowed the 
diode/amplifier-based fluorescence detection systems to 
overcome some of the physical constraints which had previoualy 
limited their use in DNA sequencing machines. The more 

35 compact structure of the new diode/ amplifier combinations 

enables the entire gel width to be covered by detectors. In 
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addition, tha ataoXing height of tha datactor ia laaa than 5 
aa. Thia iaparta tha ability to daaign a DHA aaquancing 
aachina which uaaa non-coaxial baaaa capabla of analyzing two 
or aora dyaa in a ayataa whara light froa tha laaara may ba 
couplad through a aingla atandard light coupling plata which 
ainiaixaa tha tina dalay batwaan tha two baaaa. 

Tha lana arraya containad in DKA aaquancing machinaa which 
utiliza BLA-dioda/aaplifiar dataction ayatama uaually contain 
approxiaataly aix rowa of GRIN lanaaa. Tha axact numbar of 
rowa ia a function of datactor pixal aisa (diaanaiona parallal 
to tha diraction of DMA aigration) . 

Aa aantionad abova, tha SLA oparataa in a fiald •canning 
aoda whan coabinad with tha dioda/aaplifiar dataction ayataaa. 
Ona of tha aain advantagaa of utilizing a dataction ayataa for 
15 biological aoleculaa auch as DKA which containa an SLA in 

coabination with a dioda/aaplifiar dataction ayataa liaa in 
tha ayataa 'a dynaaic ranga, a product of tha ayataa 'a 
incraaaad obaarvation voluaa coaparad to that of tha CCD-lana 
array coabination. Uhlika tha apparatua containing tha SLA- 
20 CCD coabination, tha SLA-dioda/aaplif iar apparatua tolarataa 

laaar aovaaant bacauaa of ita ralativaly larga fiald of viaw 
(aa diacuaaad bafora, thia ia a function of tha pixal aiza, 
ftgi approxiaataly 3 aa in tha photodioda/aaplif iar coaparad 
to 50 ua in tha CCD) . 
25 Anothar advantaga to tha SLA-dioda/aaplif iar coabination 

dataction ayataaa ia found in tha uaa of wida gala with high 
■aapla capacity for alactrophoraaia and in inatancaa whara ao- 
callad laaar -banding- occur Laaar banding uaually occura 
during alactrophoraaia whan tha laaar haa baan angagad for 
30 parioda of about 2 hour a. Tha baaa will band upwarda if tha 

laaar waa initially pointing up; band downwarda if it waa 
initially pointing down? and will occur avan if tha laaar waa 
pointing only alightly up or down at tha tiaa that acanning 
waa initiatad. Banding cannot ba corractad by adjusting tha 
35 incidant angla of tha laaar. Although banding diaappaara 

within 2 ainutaa of tha alactrophoraaia baing »toppad, it will 
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reappear when the electric f laid is turned on again. The only 
way to pravant continued banding ia to change the gel's 
position ao that the laser beam can contact a new and 
unaffected portion of the gal. 

Aa alluded to in the diacuaaion of the SIA-CCD combination, 
laaar beam banding has bean found to be dependant on the type 
of gel matrix and the laaar /dye system being used. For 
example, bending occurs most strongly when fluorescein is 
excited by an Argon laaar (488 nm) ; to a leaser extent when 
tetramathylrhodamine is excited by a He-Ne laaar (543 nm) ; 
only minimally whan Texas Red is excited by a yellow HeNe 
laser (594); and imperceptibly at 633 nm with CY5 dye. 
Sample* which migrate through the gel cloae to the point of 
laser entry are affected to a laaaer degree than those in the 
opposite part of the gel. 

The SIA-diode/amplifier combination ia advantageous in 
counteracting the deleterioua affects of laser bending in that 
the field of view of the detector encompasses all but large 
daviatione of the laser beam. This advantage is limited , 
however, to those instances, discussed above, where laser 
bending is problematic. 

Although it has many advantages, the SIA-diode/amplifier 
combination ia still costly and haa limitationa in terms of 
vertical and horizontal resolution. Furthermore, a DNA 
sequencing machine containing the combination will not be able 
to adapt to the improvements in gel technology noted above in 
the discussion of the SIA-CCD combination. 

Although both combinationa give riae to DNA sequencing 
machinsa which are improvements over the prior art, each of 
the two combinationa of SIA (with diode/ amplifier or CCD 
detectors) haa advantages and disadvantagea aaaociated with 
its use. Depending on the relative importance of a number of 
factors, including cost, sensitivity, the degree of horizontal 
and vertical reaolution required, aa wall aa factors 
associated with beam wandering (a function of laser 
wavelength, gel type, and dye) , either combination may be more 
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or Iras preferable. The incorporation of the SIA into the 
design of ths DMA sequencing machine is a Kay element anabling 
tha various improvemente. 

5 bexsv tmmmim aw m dswxm 

Figure 1 is a alcetch showing tha layout of tha lasar, 
optical, CCD detector and data collation components of tha 
apparatus for gsl alactrophorasis of tha prasant invention. 
Figura 2(a) is a schematic diagram showing tha arrangamant 
10 of beam sansing piicals on tha CCD alamant and tha composition 

of tha f eedbac* loop syatam for tha dataction and corraction 

of baam wandering. 

Figura 2(b) is a achamatic diagram showing tha arrangamant 
of position sansitiva diodas on tha CCD alamant and tha 
15 composition of tha feedback loop syatam for tha dataction and 

corraction of baam wandaring, 

Figura 3(a) is a eketch showing tha layout of tha laaar, 
optical, CCD datactor and data collation componanta of tha 
apparatus for gal alactrophorasis of tha prasant invantion in 
20 which light from two aaparata lasar light sourcaa irradiata 

tha gal alactrolyta layar of tha alactrophoraaia gal at two 
diatinct region*. 

Figura 3(b) is a ekatch showing tha layout of tha laaar, 
optical, CCD datactor and data collation componants of tha 
25 apparatus for gal alactrophoraaia of tha praaant invantion in 

which light from thraa aaparata laaar light aourcas ara 
combinad ao that tha gal alactrolyta layar of tha 
alactrophorasis gal is irradiatad at a aingla region. 

Figura 4(a) ia a achamatic diagram of tha arrangamant of 
30 color filtara on a aingla Una CCD alamant. 

Figura 4(b) is a schamatic diagram of tha arrangamant of 
color filtara on a tacked CCD alamanta. 

Figura 5 is a sketch showing tha layout of tha lasar, 
optical, photodioda/ amplifier detector and data collation 
35 components of the apparatus for gel electrophoreaia of the 

preaent invention. 
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Figure 6(a) is a schematic diagram of the arrangement of the 
photodiode and amplifier components in the integrated 
photodiode /amplifier module detector of the present invention. 

Figure 6 (b) is a schematic diagram of the arrangement of the 
5 photodiode and amplifier components of the non-integrated 

photodiode/ amplifier detector of the present invention. 

Figure 7 is a sketch shoving the layout of the laser, 
optical, photodiode/amplifier detector and data collation 
components of the apparatus for gel electrophoresis of the 
10 present invention in which light from two distinct laser light 

sources irradiate the gel electrolyte layer of the 
electrophoresis gel at two distinct regions. 

Figure 8(a) is an example of the output of the embodiment 
of the present invention which utilises a CCD detector and is 
15 described in Figures 1 to 3. 

Figure 8(b) is an example of the output of the embodiment 
of the present invention which utilizes a photodiode/amplifier 
detector and is described in Figures 5 to 7. 

20 DMCRXYTXOtf OF VRlfUID SMBOOXXKS OF TEM XWmmTXW 

Preferred embodiments of the invention incorporate a number 
of features. The specific form of those features presented in 
the preferred embodiments of the invention are in accordance 
with its use as an apparatus for the determination of the 

25 sequence of DMA, specifically for the determination of 

sequence information from the separation of fluorophore- 
labeled DMA fragments prepared using ths method of Sanger 
et.al. ■ This application has been selected because of its 
widespread use and importance. In other applications, other 

30 specific forms may be preferable. 

Reference will now be made to the drawings, whereby like 
parts are designated by like numerals. 

With reference to Figure 1, samples are loaded into a 
predetermined number of sample loading wells 10 situated at 

35 the top of a polyacrylaaide gel 16 contained in an 

electrophoresis apparatus 12 consisting of components well 
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toown to thoaa ekillad lnth*wt«H aaaambled according to 
atandard proceduree. Tha polyacrylamida gel ia IhkmI at 
it. oppoeita anda in an electrolyte in al.ctroda tanlce. A 
voltaga, appliad acroaa tha alactroda tanka by maane of a 
povar aupply, cauaaa tha aaaplaa to migrate within tha gal 
electrolyte layar 16. Tha aaaplaa migrata in a downward 
direction through tha gal alactrolyta layar 16 aituatad 
batwaan two alactrophoraaia plataa 17', 17" ao that a 
plurality of parallal migration lanaa 18 form. Thaaa parallal 
migration lanaa 18 attbatantially oorraapond to tha poaitiona 
of tha aaapla loading walla 10. 

Light from a ainala laaar light excitation aouroa oparating 
in tha wavalangth ranga 400 to 900 na, 19 (ouch aa a He-Ma 
laaar oparating at a wavalangth of 633 nm) ia focuaad by a 
condonaer lana 20 and finally ataarad through a baam diractor 
21 ao that it ia launchad into tha gal alactrolyta layar 16 
aituatad batwaan two alactrophoraaia plataa 17', 17" at a 
pradatarminad linaar irradiation ragion 22. whan light from 
tha aingle laaar light axcitation aourca 19 axcitaa tha 
f luorophora-labalad DMA fragmanta 23 migrating through tha gal 
alactrolyta layar 16 aituatad batwaan two alactrophoraaia 
plataa 17', 17", fluoraacant light ia amittad from tha 
f luorophora-labalad DMA fragmanta 23. Tha fluoraacant light 
amittad from tha axcitad fluorophora-labalad DMA fragmanta 23 
falla on a light collection and focuaing lana array 24 which 
ia aituatad in a poatarior poaition ralativa to tha 
alactrophoraaia plataa 17', 17" and extenda in a direction 
parallal to the linaar irradiation region 22. The fluoreacant 
light emitted from the axcitad f luorophoro-labeled DMA 
fragmanta 23 ia collactad by tha light collection and focuaing 
lana array 24 and focuaad onto a filter arrangement 25 and 
than onto a CCD element 26. 

The light collection and focuaing lana array 24 conalata of 
an array of gradient index lenaea compoaad of individual 
SEUOC gradad-index micro lenaea 28 of aubatantially egual 
dinanaion and aubatantially identical optical propertiea. Tha 
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individual ltniu 28 arc aligned bttvttn two fibarglass- 
rainforoed plastic plate* 29, 30. Tha interstices 31 ara 
fillad with black silicone. 

Tha gradient index lana array providaa naar unity 
5 magnification of light focused onto tha CCD element 26. Tha 

CCD element 26 is dividad into a plurality of photosensitive 
cells or pixels 32, 

As the temperature rises, an increasing amount of dark 
current will flow through the CCD element 26 and thereby 
10 reduce its efficiency. In order to alleviate this problem, 

the CCD element 26 can be adapted to be cooled with the 
Peltier device 33 so that it will, at all times, be 
operational within a predetermined temperature range. To 
enhance the cooling efficiency, a heat sink 34 is included 
15 with the Peltier device 33. 

The fluorescent line images collected and focused onto the 
CCD element 26 by the light collection and focusing lens array 
24 are converted to electrical signals which are then 
displayed on a monitor 36 and fad to a controller 35 and a 
20 digital data processor 37. The digital data processor 37 

monitors temporal alterations in tha intensities of the 
fluorescent line images and feeds the results to a device such 
as a printer 38 which reproduces data in readable form. 

For certain applications, it may be preferable to maintain 
25 the beam from the laser light excitation source 19 within 

precise limits to prevent beam wandering. As shown in Figure 
2 (a) , this can be accompli shad by including dedicated beam 
sensing pixels 39 or, as shown in Figure 2(b), separate 
position sensitive diodes 40 at opposite ends of the CCD 
30 element 26. Signal from the beam sensing pixels 39 or 

position sensitive diodes 40 can be used to control other 
components well known to those skilled in the art, such as a 
laser beam director 41 or detector position actuators 42, in 
a feedback loop system in order to maintain the beam from the 
35 laser light excitation source 19 within predetermined limits 

with respect to the detector means 26. 
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In other application* it may be preferable to utilize more 
than ona laeer light excitation aouroa. Maana of multiple 
laaer light excitation are ahovn in Figure* 3(a) and 3(b). 
Figure 3(a) deplete a ayetem in which excitation i* 
accompliahed by the utilisation of two aeparate law light 
eourcea 19, 19'. Light from the two laaer light excitation 
aourcea 19, 19 ■ atrikea the electrolyte layer 16 eituated 
between the two electrophoreaia plates 17 \ 17" at two 
dietinct, predetermined linear irradiation region* 43, 44, 

Fluorescent light emitted by the excited f luorophore-labeled 
DNA fragmenta 23 ia collected by a light collection and 
focueing lena array 24 and ia focused through light filter* 
45, 46 and then onto two CCD elementa 26, 26». 

Alternatively, a* shown in Figure 3 (b) , light from two or 
more laser light excitation sources 19', 19", 19" • can be 
combined in a beam combining element 47, ao that the combined 
beam atrikea the gel electrolyte layer 16 eituated between two 
electrophoreaia plates 17', 17" at a aingle predetermined 
linear irradiation region 48 ♦ 

Fluorescent light emitted by the excited f luorophore-labeled 
DNA fragmenta 23 i* collected and focueed by a light 
collection and focuaing lena array 24 and ia focuaed through 
a multiple notch light filter 52 and then onto a aingle CCD 
element 26. 

For either apparatua depicted in Figure* 3(a) or 3(b) the 
CCD element can be cooled by Peltier device 33 and aaaociated 
heat-* ink 34. 

Fluoreacent light emitted by the excited f luorophore-labeled 
DNA fragment* 23 in the apparatua depicted in either Figure 
3(a) or 3(b) can be detected by matching multiple CCD element* 
26, 26 1 with *pecific color filter* 45, 46 or by the 
utilization of CCD elementa 26 modified by the incorporation 
of multicolor filtera 50 deposited on the CCD element 26 by 
technique* well known to thoae skilled in the art. 

in Figure 4(a) multicolor filtere 50 are shown aa filtera 
101, 102, 103 in a single line CCD element 26. Alternatively, 
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as shown in Figure 4 (b) , the CCD elements can be stacked 
cloaaly togathar on tha same aubatrata and singla color f iltar 
201 , 202, 203 us ad to coat aach CCD element. Dapanding on baas 
dimensions, this combination could ba usad in conjunction with 
5 tha lasar configuration of Figura 3 or Figura 7. 

In another aaparata embodiment of this invention, shovn in 
Figura 5, samples ara loaded into a predetermined number of 
sample loading vails 10 situated at tha top of a 
polyacrylamide gal 16 contained in an electrophoresis 

10 apparatus 12 consisting of components known to those skilled 

in the art and assembled according to standard procedures. 
The polyacrylamide gel 16 is immersed at its opposite ends in 
an electrolyte in electrode tanks. A voltage, applied across 
tha electrode tanka by maana of a power supply, causes the 

15 samples to migrate within the gel electrolyte layer 16. The 

aamplea migrate in a downward direction through the gel 
electrolyte layer 16 situated between two electrophoresis 
plates 17 1 , 17 1 * so that a plurality of parallel migration 
lanes 18 form. These parallel migration lanes 18 

20 substantially correspond to tha positions of tha sample 

loading walls 10. 

Light from a aingle laser excitation source 19 operating 
within the wavelength range 400 to 900 nm (such as a He-Ne 
laser operating at a wavelength of 633 nm) is focused by a 

25 condenaar lens 20 and finally steered through a beam director 

21 ao that it is launched into the gel electrolyte layer 16 
situated between two electrophoresis platea 17 1 , 17 1 r at a 
predetermined linear irradiation region 22. When light from 
the single laaar light excitetion source 19 excites the 

30 f luorophore-labeled DNA fragments 23 migrating through tha gel 

electrolyte leyer 16 situated between the two electrophoresis 
plates 17 ' , 17 ' ■ , fluorescent light is emitted from the 
f luorophore-labeled DNA fragment* 23. The fluorescent light 
emitted from the excited f luorophore-labeled DNA fragments 23 

35 falls on a light collection and focusing lens array 24 which 

is situated in a posterior position relative to the 
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electrophoresis plat* 17', 17' ■ and extends In a direction 
parallel to the linear irradiation ragion 22. Tha fluoreecent 
light emitted fro* th* excited f luor ophor labeled DNA 
fragment* 23 is collected by tha light collaotion and focusing 
5 lana array 24 and focuaad onto a filtar arrangement 25 and 

than onto a into a photodiode/ amplif iar aeeembly 55. 

Tha light collaotion and focusing lana array 24 conaiata of 
an array of gradiant indax lanaaa coapoaad of individual 
5ELFOC graded-index micro lanaaa 28 of aubatantially aqual 

10 dimension and aubatantially idantical optical propartiaa. Tha 

individual Imnmmm 28 ara alignad batvaan two fiberglaaa- 
rainforcad plaatic plataa 29, 30. Tha intaraticaa 31 ara 
fillad with black silicon*. 

Tha gradiant indax lana array providaa naar unity 

15 magnification of light focuaad onto tha photodioda/amplif iar 

aaaambly 55. 

As ahown in Figuraa 6(a) and 6(b), tha photodioda/amplif iar 
assembly 55 can ba configured in two waya. In Figure 6(a) tha 
photodioda/amplif iar aaaambly 55 conaiata of ona or mora rowa 

20 of intagratad photodioda/amplif iar modulas 56. Tha individual 

intagratad photodioda/amplif iar modulaa consist of a signal 
amplif iar 58 in combination with tha electronics required for 
signal multiplexing 59 and a diode chip 60. The individual 
diode chipa 60 each contain a aingle pixel 61 of uniform 

25 size. 

The photodioda/amplif iar aaaambly 55 ahown in Figure 6(b) 
conaiata of diatinct amplifier and diode modulee 62 f 63, 
reapectively. The diode module 63 conaists of one or more rowa 
of photodiodes 61, of uniform aize. 
30 The diode module 63 ia aeeociatad with the amplifier module 

62. The amplifier module 62 conaists of integrating detector 
amplif iera 58 and aignal multiplexer 59. 

in certain applicationa, it may be preferable to utilize two 
35 or more laaar light excitation aourcea 19 to excite the 

f luorophore-labeled DNA fragmenta 23 aa they migrate through 
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the gel electrolyte layer 16 situated between two 
electrophoresis plates 17\ 17". Figure 7 shows two 
individual laser light excitation sources 19, 19* which strike 
the gel electrolyte layer 16 situated between the two 
electrophoresis plates 17*, 17 •• at two distinct, 
predetermined linear irradiation regions 43, 44. 

Light emitted fro* the excited f luorophore-labeled DNA 
fragments 23 is collected by ti light collection and focusing 
lens array 24 and focused through light filters 45, 46 onto 
two diode/amplifier assemblies 65, 66 situated so that each is 
able to detect the fluorescent light emitted from one of the 
linear irradiation regions 43, 44. The filter arrangement 50 
has been previously described in Figures 4 (a) and 4 (b) • 

Sample output from a detector of the CCD type described in 
Figures 1 to 3 is shown in Figure 8(a). Sample output from a 
detector of the multiple diode type described in Figures 5 to 
7 is shown in Figure 8 (b) . 

While the invention has been described in terms of certain 
preferred embodiments, it should be understood that other and 
further modifications may be made without diminishing the 
scope of the invention which is set forth in the following 
claims . 
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fflnT Tff CTAIMBP IS' 

1. An improved apparatus for analyaia of biological 

molecules of the typa having a gsl matrix maana for aaparating 
labalad biological moleculee in electrophoretic pathwaye by 
application of an alactrical potantial maana to aaid gal 
matrix Mam, and in which a light ganarating maana excitea 
aaid labalad biological molecules while thay migrate in aaid 
gal matrix maana, and in which collaction and focuaing maana 
collact and focus output signals amittad by aaid axcitad 
biological molaculaa, and in which a dataction maana and 
storaga maana datact, atora and analyse aaid aignals oollactad 
from aaid axe i tat ion of labalad biological molaculaa, 
characterised in that; 

a collaction and focuaing maans compriaaa a aubstantially 
unity magnification lana array for collacting output light 
aignals amittad by aaid labalad biological molaculaa and 
focuaing aaid output aignala along a linaar araa axtanding 
tranavaraaly serosa aaid gal matrix maana such that raspactiva 
pathways of alactrophoratic migration can ba datactad 
indapandantly of ona another. 

2. Tha apparatus of claim 1 wharain said alactrical 
potantial maans comprisaa two alactrodaa couplad to apatially 
separated portions of said matrix maans in a vertical plana. 

3. Tha apparatus of claim 1 wharain aaid alactrical 
potantial maana comprisaa two alactrodaa couplad to spatially 
aaparatad portions of said matrix maana in a horizontal plana. 

4. Tha apparatua of claim 1 wharain aaid light ganarating 
maana compriaaa laaar maana. 

5. Tha apparatus of claim 1 wharain aaid light ganarating 
maana compriaaa at laaat ona laaar maana capabla of 100% 
modulation for coaxially projecting light of different 
wavelengths onto said gel matrix maana. 

6. The apparatua of claim 1 wherein aaid light generating 

»eana compriaaa at least one laser operating in the wavelength 



range 400-900 nm. 
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1. An improved apparatus for analyaie of biological 
molecules of tha typa having a gol matrix meana for .oparating 
labalod biological mImoIm in alactrophoratic pathway, by 
application of an aloctrioal potantial meana to aaid gal 
matrix mesne, and in which a light ganarating maana axcitaa 
aaid labalad biological molecule, whila thay migrata in aaid 
gal matrix maana, and in which collection and focuaing maana 
oollact and focu. output aignala amittad by aaid excited 
biological molaculaa, and in which a detection maana and 
.toraga maana detect, atore and analyse aaid aignala collected 
from aaid excitation of labeled biological moleculea, 
characterised in that: 

a collection and focuaing maana eompriaaa a aubatantially 
unity magnification lane array for collecting output light 
aignala amittad by aaid labeled biological moleculea and 
focuaing aaid output aignala along a linear aree extending 
tranaveraely acroaa aaid gel matrix mean, ouch that respective 
pathway, of electrophoratic migration can be detected 
independently of one another. 

2. The apparatua of claim 1 wherein aaid electrical 
potential meana conpriaea two alectrodea coupled to .patially 
eeparated portion, of aaid matrix means in a vertical plane. 

3. The apparatua of claim 1 wherein aaid electrical 
potential maana eompriaaa two electrodes coupled to spatially 
aeparated portions of said matrix meana in a hori«ontal plane. 

4. The apparatua of claim 1 wherein aaid light generating 
meana eompriaaa laaer meana. 

5. The apparatua of claim 1 wherein aaid light generating 
means comprises st leaat one laaer meana capable of 100% 
modulation for coaxially projecting light of different 
wavelengths onto said gel matrix meana. 

«. The apparatua of claim 1 wherein aaid light generating 

meane compriaee at least one laaer operating in the wavelength 



range 400-900 nm. 
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WffftT Tff CLMMBP IS: 

1. An improved apparatus for analyaie of biological 

moleculee of the typa having a gal matrix ■•ana for aaparating 
5 labeled biological moleculea in alactrophoratic pathwaya by 

application of an alactrical potantial maana to aaid gal 
Matrix Nana, and in which a light ganarating maana axcitaa 
•aid labalad biological molaculas vhila thay migrate in aaid 
gal Matrix maana, and in which collaction and foouaing maana 

10 collact and focua output aignala emitted by aaid axe i tad 

biological molaculaa, and in which a dataction maana and 
atoraga means detect, atora and analyze aaid aignala oollaotad 
from aaid axcitation of labalad biological molaculaa, 
characterised in that: 

15 a collaction and f ocuaing means compriaaa a aubatantially 

unity magnification lana array for collacting output light 
aignala amittad by aaid labalad biological molaculaa and 
f ocuaing aaid output signals along a linaar araa axtanding 
tranavaraaly acroaa aaid gal matrix maana such that raapactiva 

20 pathwaya of alactrophoratic migration can ba datactad 

indapandantly of ona anothar. 

2. Tha apparatus of claim 1 wharain said alactrical 
potantial maana compriaaa two alactrodaa couplad to apatially 
separated portions of said matrix maana in a vertical plana. 

25 3. Tha apparatus of claim 1 wharain aaid alactrical 

potential maana compriaaa two electrodes coupled to spatially 
aaparatad portions of said matrix maana in a horizontal plane. 

4 . The apparatua of claim 1 wherein aaid light generating 
maana compriaaa laaar maana. 
30 5. The apparatua of claim 1 wherein aaid light generating 

maana comprisea at leaet one laaar maana capable of 100% 
modulation for coaxially projecting light of different 
wavelengths onto eaid gel matrix maana. 

6. The apparatua of claim 1 wherein aaid light generating 

35 maana compriaaa at leaat one laaar operating in the wavelength 

range 400-900 nm. 
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35. The method of claim 33 wherein said label incorporated 
into said molecules of nuclaic acid comprises at laaat ona 
fluoreacent dye, 

36. The method of claim 33 wherein aaid label incorporated 
into aaid moleculea of nucleic acid is a phoaphor. 

37. The method of claim 33 wherein aaid light generating 
meane compriaas laser means* 

38. The method of claim 33 wherein said light generating 
means comprises at least one laser capable of 100% modulation 
such that laaer beams of different wavs lengths are projected 
coaxial ly into aaid gel matrix means in a direction which is 
substantially perpendicular to electrophoretic migration 
pathways of said labeled moleculea of nucleic acid. 

39. One method of claim 33 wherein light from said light 
generating means is projected horizontally into said gel 
matrix means in a direction which ia substantially 
perpendicular to electrophoretic migration pathwaya of aaid 
labeled molecules of nucleic acid. 

40. The method of claim 33 wherein said labeled molecules 
of nucleic acid are excited at a predetermined position along 
said electrophoretic migration pathway such that said labeled 
moleculea of nucleic acid emit an output signal. 

41. The method of claim 33 wherein light signals emitted 
by said labeled moleculea of nucleic acid era collected in a 
lens array and imaged onto a CCD detector, said lens array 
providing substantially unity magnification of said light 
signals. 

42. The method of claim 33 wherein light signals emitted 
by eaid labeled moleculea of nucleic acid are collected in a 
lena array and imaged onto an amplifier /diode detector, said 
lane array providing aubstantially unity magnification of aaid 
light signals. 
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32. The apparatus of claim 24 wherein light from at laaat 
ona said light generating meana ia projaotad horizontally onto 
said gal matrix means in a direction which ia aubatantially 
perpendicular to aaid alactrophoratio pathways of said labalad 

5 molecules of nucleic acid. 

33. An improved method for aaquanoing labalad moleculea of 
nuclaio acid by means of apparatua of tha typa having a gal 
matrix maana for aaparating labalad molaculaa of nuclaic aoid 
in aubatantially parallal alactrophoratio pathways by 

10 application of an alactrical potantial meana to said gal 

matrix maans, and in which a light ganarating maans axcitas 
said labalad molaculaa of nuclaic acid whila thay migrata in 
alactrophoratio pathways in said gal matrix maans f and in 
which collaction and focuaing maans collact and focus output 

15 signals amittsd by said axcitad molaculaa of nuclaic acid, and 

in which a dataction, storing and diaplaying maans dstact, 
atora and display said output signal from aaid axcitation of 
labalad molaculaa of nuclaic acid, characterized in that tha 
method further comprises: 

20 projecting an output from aaid light generating means in a 

direction substantially perpendicular to the direction of aaid 
migration of aaid labeled moleculea of nuclaic acid; and 

exciting said labeled moleculea of nuclaic acid with said 
light generating maana while aaid labeled molecules of nucleic 

25 acid migrate in a predetermined direction in said 

alectrophoretic pathways; and 

detecting along a predetermined linear area transverse to 
said gel matrix means, light signals emitted from said labeled 
molecules of nuclaic acid aa a raault of axcitation by aaid 

30 light ganarating maana, audi that signala repreaantative of 

pixels forming respective pathways of alectrophoretic 
migration can be detected independently of one another. 

34. The method of claim 33 wherein eaid labeled moleculea 
of nucleic acid are eelected from the group conaisting of DKA 

35 and RHA. 
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■aid gal matrix imiu, and in which collection and focusing 
means col lac t and focus output aignala emitted by said excited 
molecules of nuclaic acid, and in which a dataction, storing 
and displaying bum detect, stora and display aaid output 
signal from said axcitation of labalad solaculaa of nuclaic 
acid, characterised in that said apparatus further comprises: 

■sans for projecting an output from said light generating 
means in a direction substantially perpendicular to direction 
of said migration of labeled molecules of nucleic acid; and 

a means for collecting and focusing signal emitted from said 
labeled molecules of nuclsic acid onto at leaat one detecting 
means, said collecting and focusing means comprising a lens 
array of at leaat one row of graded-index micro lenses or 
focusing meana of aimilar function, said collecting and 
focusing means providing substantially unity magnification of 
signal. 

25. The apparatus of claim 24 wherein said nuclaic acid is 
selected from the group consisting of DNA and RNA. 

26. The apparatus of claim 24 wherein said label comprises 
at least one fluorescent dye. 

27. The apparatus of claim 24 wherein said label is a 
phosphor. 

28. The apparatus of claim 24 wherein said light generating 
meana comprises lsser means. 

29. The apparatus of claim 24 wherein said light generating 
maans comprises at least one laser means capable of 100% 
modulation for ooaxially projecting light of different 
wavelengths onto said gel matrix means. 

30. The epparatus of claim 24 wherein said light generating 
means comprises at least one laser operating in the wavelength 
range 400-900 nm. 

31. The apparatus of claim 24 wherein different wavelengths 
of said output from aaid light generating means are projected 
coaxially onto said gel matrix means in a direction which is 
substantially perpendicular to said electrophoretic pathways 
of said labeled molecules of nucleic acid. 
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row of diode/ amplifier module, said diodu containing pixels 
of substantially unifora size. 

16. The apparatus of claim l wherein said detector means 
ia composed of a filter means in combination with at leaat one 

5 row of diode modules connected to external amplifier modules, 

said diode aodulea containing pixels of substantially uniform 
sise. 

17. The apparatus of claim 16 wherein aaid rows of 
diode/amplifier modules are of a length to detect output 

10 signals from opposite ends of a linear irradiation region of 

said gel matrix means. 

18. The apparatus of claim 1 wherein signals from said 
sensing mesne are coupled to digital data processor means. 

19. The apparatus of claim 1 wherein said label 
15 incorporated into said biological molecules comprises at lsast 

one fluorescent dye. 

20. The apparatus of claim 1 wherein aaid label 
incorporated into said biological molecule is a phosphor. 

21. The apparatus of claim 1 wherein said biological 
20 molecule is selected from the group consisting of bacteria, 

nucleic acid and protein. 

22. The apparatus of claim 1 wherein aaid means of 
ssparation is selected from the group consisting of capillary 
maane, alab means and channel means. 

25 23. The apparatus of claim 1 wherein a predetermined number 

of individual lenses located at opposite ends of said lens 
array in said detecting means are provided for sensing light 
from aaid light generating means, said Individual lenses 
forming part of a feedback system to align aaid light 

30 generating means within defined vertical parameters. 

24. An improved apparatus for sequencing nucleic acid of 
the type having a gel matrix means for separating labeled 
molecules of nucleic acid in electrophoretic pathways by 
application of an electrical potential means to said gel 

35 matrix means, and in which a light generating means excites 

said labeled molecules of nucleic acid while they migrate in 
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